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BULLETIN OF THE 
AMERICAN MATHEMATICAL SOCIETY 


THE SUMMER MEETING OF THE AMERICAN 
MATHEMATICAL SOCIETY. 


THE first summer meeting of the AMERICAN MATHEMATICAL 
Society was held in one of the lecture-rooms of the Polytech- 
nic Institute in Brooklyn, N. Y., on Tuesday and Wednes- 
day, August 14 and 15, 1894. These days immediately pre- 
ceded those fixed for the meeting of the American Association 
for the Advancement of Science, and ali concessions obtained 
by that Association from railways and hotels were extended to 
the members of the Mathematical Society. ‘The members of 
the Society were invited to participate also in the entertain- 
ments and excursions arranged in honor of the Association. 
To the co-operation of that larger organization thus was due 
in part the success of the Society’s meeting. Among those 
present were Dr. E. M. Blake, Professor Henry B. Fine, Pro- 
fessor Thomas S. Fiske, Professor G. B. Halsted, Dr. George 
W. Hill, Professor E. W. Hyde, Mr. P. A. Lambert, Dr. 
Emory McClintock, Professor Alexander Macfarlane, Profes- 
sor Mansfield Merriman, Professor E. Hastings Moore, Pro- 
fessor Frank Morley, Professor Hubert A. Newton, Professor 
George D. Olds, Mr. J. C. Pfister, Mr. Ralph A. Roberts, Pro- 
fessor James B. Shaw, Jr.,-Mr. J. F. Shields, Professor Or- 
mond Stone, Dr. Edward B. Van Vleck, Professor L. G. Weld, 
Professor R. S. Woodward, and Professor Alexander Ziwet. 
Although the attendance was not so large as had been antici- 
get. the interest was well maintained throughout. On 

ednesday evening, after adjournment, a dinner was given at 
the St. George Hotel, in which a majority of the members 
who had attended the meeting participated. 

The Society elected the following new members: Rev. John 
G. Hagen, S.J., Georgetown College Observatory, West Wash- 
ington, D.C. ; Dr. Gustavus Hay, Boston, Mass. ; Professor 
Hubert A. Newton, Yale University, New Haven, Conn. ; 
Professor Harry Walter Tyler, Massachusetts Institute of 
Technology, Boston, Mass. 


2 SUMMER MEETING AMER. MATHEMATICAL SOCIETY. [Oct. 


The following papers were presented : 

1. Theorems in the calculus of enlargement. Dr. Emory 
McClintock, New York, N. Y. 

2. A method for calculating simultaneously all the roots of 
an equation. Dr. Emory McClintock, New York, N. Y. 

3. Elliptic functions and the Cartesian curve. Professor 
Frank Morley, Haverford, Pa. 

4. Concerning the definition by a system of functional 


properties of the function f(z) = me Professor E. Hast- 


ings Moore, Chicago, IIl. 

5. Bertrand’s paradox and the non-euclidean geometry. 
Professor George Bruce Halsted, Austin, Texas. 

6. Analytical theory of the errors of interpolated values 
from numerical tables. Professor R. S. Woodward, New 
York, N. Y. 

7. Upon the problem of the minimum sum of the distances 
of a point from given points. Professor V. Schlegel, Hagen, 
Germany. 

8. On the fundamental laws of algebra. Professor Alex- 
ander Macfarlane, Austin, Texas. 

9. About cube numbers whose sum is a cube number. Dr. 
Artemas Martin, Washington, D.C. 

10. Reduction of the resultant of a binary quadric and n-ic 
by virtue of its semicombinant property. Professor Henry S. 
White, Evanston, Ill. 

In the absence of their authors, paper No. 7 was presented 
by Professor Hyde, paper No. 9 by the Secretary, and No. 10 
by Professor Ziwet. 

Nos. 1, 2, 3, are intended for publication in the American 
Journal of Mathematics ; Nos. 4, 6, in the Annals of Mathe- 
matics ; No.5 in the Proceedings of the Texas Academy of 
Science ; Nos. 7, 10, in the Bulletin of the American Muthe- 
matical Society ; No. 9, in the Mathematical Magazine. 

In the first of Dr. McClintock’s papers the formule de- 
veloped are all special cases of the most general theorem pre- 
sented, viz. : 


SE =fe+fE0".H+fE,0". /2'+.... 


where F is an operation such that, applied upon any function, 
say $x, we shall have £*/-z = (x + h) ; H isa function of 
£ depending on some other function @£ and defined by 
Hhg@E = E*— 2; fEO™ means 2.93 and 2™= 
PE,)" Since 
pE.y’ = yy, an important case, derived by operating with 
the chief series upon y’, is 


fy = fe +fE 0". 2+ 0.22 /2+..., 


be 
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where z is the same function of y as H of £, defined by 
thpy =y" — 2. If, for a special case of this, h = 1, the re- 
sult is identical in value with Lagrange’s theorem, but with 
no reference to differentiation in the form of the coefficients. 

The second paper contains a remarkable application of the 
series last quoted to the theory of equations. The general 
formula, applicable to any equation z* = c + n@z, is, after 
putting 


z=@-+ "w+ "(0 — n)/2! 
+ (0 — n)(0 — 2n)/3!4... 


The simplest form of ¢ is 1 or — 1, and when the equation is 
arranged in that form this series, if convergent, gives all the 
roots upon substituting for @w the several uth roots of 1 or of 
— 1, as the case may be. If ¢ is not 1 or —1, it will be 
c = @w" = C"E", where C" is the numerical value of c, and &* 
is 1 or — 1, and in this case @ is to be replaced by €&, & hav- 
ing the several n values of the roots of 1 orof —1. The 
formula holds when m has any value, positive or negative, 
though nothing is gained by adjusting the equation with n 
negative or fractional; and in particular the term chosen 
for z* need not be the highest power present, though in that 
case, of course, only 2 roots om | be developed by the series at 
once. Especial attention is given to the trinomial equation 
xz" = w" + naz*~*, wherein & is not necessarily positive. For 
this equation the general formula becomes 


@+ w'-*,a+ — 2k +4 n). a’/2! 
2 i+ — 3k + n)(1 — 3k + 2n).a°/3!+4+... 


3 
This formula, though actually first obtained as here described, 
may be derived from Lagrange’s theorem, by putting 2” = u, 
1 
wo" = 2, px = (um), and expanding Similarly, the 
general formula may be used in this alternative form, likewise 
deriyed, as an afterthought, from Lagrange’s theorem : 


+ 


The trinomial formula is convergent whenever » is positive 
and the numerical value of a” is less than that of 


k-*(n — 


Its use is illustrated by the complete exhibition of the 
six imaginary roots of z°+2-+.1=0. When 1 is negative, 
the trinomial formula gives the same series as if both sides 
of the equation were multiplied by 2~*, z* = + 1+ naa*~* 
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becoming z-*= +1 F uax-*. If the value of @ is such 
that the series for the trinomial z* = + 1 + naz*-* is not 
convergent, it is shown that the series for 2*-*= 
(+ 1+2*)/na must be convergent, yielding » — & of the x 
roots, and that the other / roots may be obtained either by 
putting multiplying throughout by wu”, whence 
u* = (1 F u")/na, or by using 2* = na + 2*-", both forms 
yielding convergent series. When the reciprocal transforma- 
tion x = u~* is employed, it is convenient to use one of two 
formule; * viz., for the trinomial = @”" + nau"-*, 
2k +n). a*/2! 
— 1 — 3k + x)(— 1 — 3k 4+ 
and for the general equation u" = @" + ngu, 
FE, 


Professor Morley’s paper aims at showing how the prop- 
erties of the so-called Cartesian oval, both those that are 
known and others, can be systematically and easily developed 
by means of Weierstrass’s elliptic functions. The following 
topics are considered : The Cartesian oval as a normal elliptic 
curve. The relations between distances of a point from the 
single foci, the triple focus, and the double tangent. Abel’s 
theorem for elliptic functions of the second kind. The in- 
tersection of a circle and the curve. The bitangent circles. 
The circles of curvature. The tangents from a point. 

The system of functional properties receiving principal con- 
sideration in Professor Moore’s paper is the following: (1) 
{\) is an integral analytic function of the complex variable z. 

t has as its complete svstem of zeros, z= m,m=0, +1, 
+2, +5,..., the multiplicity of each zero being unity, and 
limit when z = 0 of f(z)/z = 1. (2) 7(22) = 2ftz) + 4). 
(3) 7(—z) = —7(z). This furnishes a new determination of 
the external exponential factor (e”*' = 1) in the expression of 
the function /(z) as a Weierstrassian infinite product : 


[m + 0] 


m 


sin 72 _ ys), 
m 


= 


* These reciprocal formule have been communicated to the Editors of 
the Bulletin by Dr. McClintock, having been devised by him shortly 
after reading the paper before the Society. He has undertaken to read 
a second paper at the next meeting, in whioh he will indicate the man 
ner whereby, by having regard to the larger or “* dominant” coefficients, 
any equation may apparently be so adjusted as to yield one or more 
convergent series for all the roots, and will illustrate the separation of 
roots by this method by all of the many examples employed for the ap- 
plication of Sturm’s theorem in Burnside & Panton’s Theory of Equa- 
tions. Equations having imaginary coetticients will also be illustrated, 
as to which at the reading, in reply to a questiou, it was said that such 
— though not yet examived, must certainly come within the 
theory. 


| 
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Professor Halsted’s paper gives, after a historical introduc- 
tion, Bertrand’s renowned paradox in a new form, and main- 
tains that it is inexplicable without recourse to the non-euclid- 
ean geometry, but with the aid of Lobachevysky’s theory of the 
equidistantial is readily shown to involve a pefilio princijtt. 

The object of Professor Woodward’s paper is to extend and 
complete the theory of the errors in question. ‘The investiga- 
tion is supplementary to papers already published by the 
author on this subject in the Analyst, 1882. and in the An- 
nals of Mathematics, 1886. The special peculiarity of the in- 
vestigation is that it requires the combination of continuous 
and discontinuous errors. The quasi-geometrical method fol- 
lowed in the previous papers is now supplanted by « wholly 
analytical process. 

In Professor Schlegel’s paper the differential equation be- 
tween the distances p, , p,,--.p, Of a variable point P from 
n fixed points in an (x — 1)-dimensional space is first de- 
rived and the minimum of the function 


of these distances is determined. The general result thus ob- 
tained (I) reduces in the case of the plane to an analytical 
form given by Steiner and furnishes in the case of ordinary 
Sige the geometrical condition found by Sturm. To extend 
the problem to the case of 1 points in a space of less than 
n — 1 dimensions and to gain at the same time a purely geo- 
metrical interpretation of the general condition for a mini- 
mum, the formula (I) is put into another form (II): then the 
——"_ problem is solved by a formula (IIT) derived by a 
ifferent method; this formula (III) is interpreted geometri- 
cally and finally shown to reduce to formula (II). Thus the 
organic connection is established between the general methods 
of which the results found by Steiner, Sturm, and others are 
particular cases. Some special cases are next discussed and 
remarks are made concerning the construction of the mini- 
mum point and the formation of the point-system belonging 
to a given minimum point. The case of a linear row of points 
is specially investigated and applied to the solution of « practi- 
cal problem. Finally the results are applied to the problem 
in mechanics of determining the point of least attraction for 
a given groupof points. The investigation is thronghout car- 
ried on by the methods of Grassmann’s geometrical calculus, 
Professor Macfarlane maintaing that the laws of algebra 
ought to be placed on a real basis, notonaformal basis. The 
several formal laws are examined, and it is considered whether 
they are entirely independent. Their validity in space analy- 
sis is considered, the exact conditions where some of them 
break down being pointed out. 


: 
| 
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Dr. Martin deduces in his paper a number of formule 
which lead to very remarkable numerical results. 

In Professor White’s paper the problem is to reduce the 
resultant of a binary quadric and z-ic to a sum of products 
of invariants of the “reduced system.” Clebsch, and later 
Gordan, have solved it. They use unnecessary auxiliaries. 
The reduction is accomplished more speedily by constructing 
synthetically, according to the method of the theory of forms, 
an expression involving undetermined coefficients whose values 
are then found by the differential equation of apolarity ap- 
plied to that covariant which becomes an exact power of the 
common factor of the two quantities in case their resultant 
vanishes. Incidentally the connection between apolarity and 
the semicombinant property is illustrated. 

Tuomas S. Fiske. 


ON THE CONNECTION BETWEEN BINARY 
QUARTICS AND ELLIPTIC FUNCTIONS.* 


BY PROFESSOR E. STUDY. 


AFTER the treatment which the subject has received in the 
recent work of Professors Harkness and Morley, it may be sup- 
posed that American mathematicians are quite familiar with 
the utilization of the theory of invariants in the theory of ellip- 
tic functions. We shall confine ourselves to the simplest case, 
where the theory of a binary quartic is concerned. e intend 
to show how a certain group of rational and irrational co- 
variants of a binary quartic can be expressed as one-valued 
functions of one or two parameters, thus filling up a number 
of lacunae contained in former presentations of the subject. 

After having explained the system of notation we are to 
apply, we proceed, partly following Cayley, to define a system 
of irrational covariants. ‘These being known, we compare 
these quantics with the elliptic 6-functions; and thus we will 
be enabled to express the connection in question in very sim- 
ple terms. 

Of course we must suppress here not only the proofs, but 
also quite a number of details; a full exposition will be pub- 
lished shortly in the American Journal of Mathematics. 


1. Notation. 


Denoting the quartic f(z) symbolically by f = (az) 
= (a,x, — a,z,)*, the following forms constitute, as is well 
known, what is termed the complete system of /: 


* This paper, which Professor Study kindly transmitted for presen 
tation at the Brooklyn meeting of the AMERICAN MATHEMATICAL So. 
CIETY, arrived too late for that purpose. 


| 
| 
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f = 
t = 2(ah)(az)’(hz)’ = (tz)* 
9, = ¥(ab)’ 

= Hah)" = 


(Notation applied b 
Clebsch.) 


als. 


G= 279,') 


is the discriminant. 


2. Decomposition of f into its linear factors. 


In order to decompose f into linear factors, which are to 
be irrational covariants of f, we have first to decompose the 
Jacobian ¢ into its three conjugate quadratic factors by means 
of the solution of the cubic equation 


= 0. 
We denote the roots by e@a, ., ¢- 4+ eaf being a perfect 


square, we are enabled to define a set of three quadratic forms 
l, m, n by means of the formule 


h+ af 


restricting the meaning of the radicals by the further suppo- 
sition 


(mn)(mz)(nz) = — (Iz)’, ete. 
Then we have 
t= —24VG. (I2)*. (mz)’. (nz)’. 
Writing now 


we may define the linear forms (7,2), irrational covariants of 
J, by means of the formule 


2(r,z) = — Ve, —e,.1— Ve, Ve, — 
2(rax)? = — Ven — .1+ Ve, — Ver — 
Ve, —e,.1 — Vey—er.m-+ Ver, — 


the expressions on the right being again perfect squares. 


/ 
| 
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By these formulx, which are due to Cayley, the forms (7,7) 
are not yet fully determined. In order to restrict their 
ambiguity as much as possible, we have to add some further 
conditions. ‘These are furnished by a remarkable fact, which 
seems to have escaped notice hitherto: The bilinear invar- 
tants (1y",) belong to the domain of rationality defined by the 
quantities Vey. — e,, ete. 

As a close examination shows, it is possible to restrict tke 
values of the quantities (7.27) by the further suppositions 


= — (Tera) = Ve. —ey, 
(nm) = — (ror) = Ve, — ey, 


(ata) = — (rer) = Vex — Cy. 


The signs of the square roots on the right being chosen, 
and /,m, » being known, the linear factors (7.x) of fare com- 
pletely determined, excepting a change of sign of the whole 
set, which remains still possible. 


3. Introduction of the 0-functions. 


Now an examination of the relations among the linear 
forms (7,2) furnishes the very important result, ‘hat these 
relations are exactly identical with the relations among the 
squares of the four elliptic 6-functions—provided that the de- 
finition of the 6-functions which has been given by the author 
in his paper (American Journal, vol. 16, No. 2) is accepted. 

Identifying, therefore, the quantities #e, — ¢,, taken from 
the theory of the quartic, with the quantities Ve, —e= 
6,(0). oceurring in the theory of elliptic functions, we are 
enabled to explain a set of square roots by means of the for- 
miulz 


(1) V(r.%) = Au (Kk = 0, A, V), 


(2) Vf = — 


These formule contain the clue to the whole theory in 
question. It is easy now to derive all known results and a 
large number of new ones; and this is done by means of 
actual calculations, without any help of the so-called method 
of indeterminate coefficients. 

We limit ourselves to communicating some of the most 
interesting results. 

Passing from the single to the double argument, we obtain 
first 
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6,(2), 


where 6, and & mean @,(0) and 4(0) = 44,6,; and con- 
sidering two pairs of variables z, u and y, r at the same time, 
we have 


( (zy) = — +r) Ou — rv). 
(Iz)(ly) = — A(u + v) A(u — vr), 

(mz)(my) = — + v) — vr), 

| (uz)(ny) = — 4,(u + r) 4,(u — vr), 


or expressions of the identical covariant (xy) = .,y, — 7,y, 
and of the polars of the quadratic forms (/:)’, (w.r)*, in 
terms of 

These formule, especially the equations (4), are not only 
worth noticing for their symmetry and elegance, but they are 
also very useful: they are the true central point of our theory. 
By the formule (4) the general addition theorems of Jacobi 
and Weierstrass are brought into close connection with the 
properties of the four bilinear forms on the left. It is re- 
markable that these very forms bear a simple relation still to 
another theory: the composition of our forms is exactly iden- 
tical with the multiplication of the four guaternion-units. 


(4) 


4. The elliptic functions gu, p’u. 


By means of the preceding formule Weierstrass’ functions 
gv, g’u are easily expressed in terms of covariants of 

Supposing @, = 0, and denoting the periods corresponding 
to A, 4, 4, as usual by 2a,, 2@,, 2@,, we have first a group 
of irrational formule: 


= 2 7G. (ar,)*(ax) ~ 2v6. (2) 
g(uto)= VG. 
3 (tre) 


(u + @) = etc. (« =0,A, v.) 
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For the elliptic functions of the double argument, we 
tain simpler expressions, namely, Hermite’s famous form 


h 

p(2u) = — 

(6) 


Considering again two pairs of variables, we find further 
remarkable formule 


( _ V(ayy" 


(xy)? 


the content of which is partly due to Weierstrass. 

It follows now that all covariants of the quartic f contain: 
the two sets of variables (x,, z,) and (y,, y,) in the degree z 
are rational functions of g(u + v), — v), + 
g’(u — v), and vice versa—provided we include in the 
variants of f the two irrationalities ¥/, and Vf, 

In particular, when a power of (xy) is the sole denominat 
the covariant in question is an integral function of the fo 
elliptic functions mentioned. 

A few simple examples will show the significance of t 
last theorem. We have 


‘ 


) 
| v)= 


hz) (hy) 


(u+v).g’(u—v)=—2 


p(u + v). (u Fv) = . 


(zy) 


(ty)*(tx)?. + (tz)'(ty)*. V (ay 


ete 


| 
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REDUCTION OF THE RESULTANT OF A BINARY 
QUADRIC AND 2-IC BY VIRTUE OF ITS SEMI- 
COMBINANT PROPERTY.* 


BY PROFESSOR HENRY 8. WHITE. 


THE resultant of two binary quantics is comparatively 
simple when written either in the Titctie or in the Bezout- 
ian form as a determinant. Its degree in the coefficients of 
each quantic, however, is generally high. 

Hence the problem arises, when invariants are arranged 
according to their degrees in the coefficients: To reduce the 
resultant toa sum of terms, each of which shall contain the 
simplest possible invariant factors. This problem is com- 
wriged solved in papers by Clebsch, Gordan, and E. Pascal. 

ut much may yet be done in the way of simplifying the pro- 
cesses by which their results are deduced. I propose here to 
discuss the partial problem which Clebsch solved; namely, ¢o 
write in symbolic form the resultant of a binary quadric and 
a binary quantic of arbitrary order n. 

By a method different from his I shorten the labor involved 
and at the same time illustrate the utility of the theory of 
conjugate forms. 

t the quantics be denoted by 


a? = ar,’ + 2a,a,2z,2, + 


according to the Clebsch-Aronhold symbolism. 
Then the resultant is written in Sylvester’s formula : 


R= a” 2a,a, a,” 0 0 } 
0 BY 26,8, 0 0 
rows. 
0 0 0 wee 2€,€, J 


* Presented to the AMERICAN MATHEMATICAL Society at its Sum- 
mer Meeting, ‘August 15, 1894. 
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This determinant exhibits plainly the “semicombinant ” 
property of the resultant, viz, that it remains unaltered 
when the coefficients of f are replaced by those of F: 


{in which formula the coefficients of A,"—* are x — 1 arbitrary 
quantities). For this substitution of A,” for «," merely in- 
creases the coefficients standing in the first and second rows, 
respectively, of the determinant R by arbitrary multiples of 
those in the (x — 1) rows beginning with the third and the 
fourth rows ee: 

This derivation of the semicombinant property is so well 
known as to seem trivial. I adduce it here for the sake of 
showing, as a, consequence of it, two properties of a certain 
covariant, derived by the evectant process from the result- 
ant. 

The evectant that I mean is that obtained by aubstituting, in 
every term of the developed determinant FR for one of the two 
factors a,‘a,"~‘, or a,*a,"—* the variable factor z,‘(— z,)*-*. 
or z,*(—z,)"-*. If I make the substitution without ex- 
panding the determinant, it is done by substituting for the 
first row only, then for the second row only, in succession, the 
proper power-products of z, and (— z,), and adding the result- 
ing terms. e covariant, of order 2, so derived I will call 
F, or Az or. Bz. Now each of the two determinants com- 
posing F has obviously, like the resultant, the semicombinant 
property; therefore _ 

(1) the covariant #’ is a semicombinant of f and ¢. 

But, further, if I replace in F' the power-products of 2, , z, 
by their several coefficients in the symbolic product 


(zy, + z,a,)’, 
linear and homogeneous in the coefficients of @ or a;’, bein 
careful to drop in this substitution the numerical factor o 


each coefficient, the result vanishes identically, whatever the 
value of y,, y, In other words, the second transvectant of 


F over ¢ vanishes identically, 
=0. 

Introducing technical terme first used by Rosanes* and 
Reye,t I may say: _ 

(2) the quantic F is conjugate or apolar to the quadric ¢. 

My present interest in the covariant F arises from the fact 
that, as F' was derived from R by evection, so, inversely, the 
resultant itself can be obtained from F immediately by trans- 


Journal Sir Math., vol. 75 (1873). 


** vol. 72 (1870). 
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vection over f 2 times. Accordingly I shall consider in their 
order the following questions: 

(1) What symbolic products can enter in the expression of 
the resultant ‘? by fundamental invariants ? 

(2) Consequently, what symbolic products can enter in the 
expression of the covariant /’ by fundamental covariants? 

(3) In order that the quantic / may be apolar to the quad- 
ric @, what must be the numerical multipliers of these sym- 
bolic products ?—This amounts to the determination of arbi- 
trary constants by means of a differential equation. 

(4) What, finally, is the consequent expression for the re- 
sultant R? 

For the sake of simplicity I will consider f as a quantic of 
even order: f = a," =a,” = b,”. 

The first question is answered by applying two elementary 
theorems: first, that if a symbolic factor (ab) or (af) con- 
taining two symbols of the same quantic occur in any term, 
it must occur to the second or some other even power; second, 
that a factor (a@w) containing symbols of different quantics 
can occur only to an even power, i.e. to the second power, 
for the cnly alternative is the appearance of the four factors 
[(a«)(4-z)(af)(68)], and this product is identically equal to 
the following: 


3 + (aB)*(ba)* — (ab)*(af)}. 


Therefore R is composed of not more than these 3+ 1 


terms: 
(2. (ab)”. 
+1, (ab)?-*. (aa)*(b8)* 
+ ete. 


+1,. (aa)’(aB)* ...(to p factors) . (by)’. (6)... (to 
p factors). 


The second question is answered, since this formula for R 
is symmetrical in symbols a and 4, by replacing the 6’s with 
z’s as heretofore. We find in this way: 


(1,. a”. 
+1, .a7?—*(aa)’. By’. [(ys)*P-! 

1, +. . 
+ etc. 


factors). 


« 
| 
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This formula contains, I may remark in passing, a theorem 
which ought to find a direct proof through skilful manipula- 
tion of the determinant expression for F'. It is this: 

When the form f is of even order, the evectant F of its 
resultant with a quadric @ is expressible in the form 


P=A.f+B.¢, 


where A is a rational integral function of coefficients of the 
quadric ¢ and independent of the variables, while B is of the 
order (n — 2) in the variables, and likewise rational and 
integral in the coefficients of f and of ¢. 

Taking up the third question, we have only to apply com- 
binatory enumeration and the identity 


(af)(ap)a, = 


in order to form directly from the development of F on p. 13 
the second transvectant (Aa)*A,"~ *, whose identical vanish- 
ing yields the equations of condition: 


= 1, = 0, 
1, + 2(n — 2)l, = 0, 


+ 3(n — 3)l, = 0, 
etc., etc. 


From these, calling for convenience 7, = 1, we find for the 
numerical constants these values: 


= ~ = 
_ , n(n — 3) 


_ n(n — 4)(n — 5) 


ne 7.3.44 ° 


(— 1, (= 1)? 


| 


|p 
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Thus we have the constants needed in writing as a co- 
variant of a,” and a,’ the quantic 


=a” +AP-* . 
which is required to be apolar (or conjugate) to the quadric 

Fourthly, this gives for the resultant R exactly the expres- 
sion found by Clebsch (Bindre Formen, p. 88). Writing, in 
our formula on p. 13, 4 for the discriminant (a@f)’ of the 

uadric, and inserting the above-found numerical values of 
the constants /7,,/,,/,,...1,, 1 have the final formula (neg- 
lecting possibly a multiplicative constant) 

R= 


ete. + ete. 


(— 1)” § (aa)*(af)’... (top 
+ (by)*(b6)?. . . (to p factors). 

Had we assumed the order of f as odd, the process would 
require but one principal change,—the substitution of the 
Jacobian of f and ¢, 


= 9, 


instead of f throughout the formule for R and F, and so of 
course in the theorem mentioned (p. 13) as deserving of a 
more direct proof. This change affects the constants of the 
formula, which again come to agree with those given by 
Clebsch. 

In closing I may add that the coincidence of the semi- 
combinant property and the apolar property, which appeared 
quite incidentally in our discussion of the covariant F' (p. 
12), is demonstrably a necessary coincidence quite apart 
from the special form of the covariant. On this necessary 
union of the two properties in covariants of a certain order, 
indeed, is based the entire theory of semicombinant invariants 
and covariants of a system of quantics. 


NoRTHWESTERN UNIVERSITY, August 4, 1894 


~ 


16 HE MEETING OF THE AMERICAN ASSOCIATION. [Oct. 


THE MEETING OF THE AMERICAN ASSOCIATION. 


THE forty-third annual meeting of the American Associa- 
tion for the Advancement of Science was held at Brooklyn, 
N. Y., August 15-24, Daniel G. Brinton, of Media, Pa., pre- 
siding. ‘The attendance was large, the total registration 
being 477. ‘I'he number of new members admitted was 213. 

The members enjoyed excursions to Long Branch, to points 
of interest in New York Harbor, to Cold Spring Harbor, and 
to West Point on the Hudson. 

Astronomy was much better represented by the papers 
presented to Section A than was pure mathematics. The 
officers of the section were: Edgar Frisby, Washington, D. C., 
Vice-President; Jefferson E. Kershner, Lancaster City, Pa., 
Secretary: R. S. Woodward, New York, N. Y., Councilor; 
C. A. Doolittle, South Bethlehem, Pa., C. A. Waldo, Green- 
castle, Ind., C. H. Rockwell, Tarrytown, N. Y., Ormond 
Stone, Charlottesville, Va., J. A. Brashear, Alleghany, Pa., 
together with the Vice-President and Secretary, Sectional 
Committee; George B. Halsted, Austin, Texas, Member of 
Nominating Committee; L. G. Weld, Iowa City, Iowa, J. Bur- 
kitt Webb, Hoboken, N. J., George D. Olds, Amherst, Mass., 
together with the Vice-President and Secretary, Sectional 
Nominating Committee; George B. Halsted, Austin, Texas, 
Press Secretary. 

The following papers were presented : 

1. Some attempts to photograph the solar corona without 
an eclipse. By George B. Hale, Chicago, IIl. 

2. On the control of the equatorial clock. By G. W. 
Hough, Evanston, Ili. 

3. Requisites for governing the’motion of equatorial tele- 
scopes. By W. R. Warner, Cleveland, 0. 

4. Recent Jatitude deteymination at the Sayre Observatory. 
By C. A. Doolittle, South Bethlehem, Pa. 

5. A simple proof of Radares symmetrical form of the 
differential equations of the relative motion of the planets. 
By Ormond Stone. Charlottesville, Va. 

6. A configuration of 36 points, 27 lines, 36 planes, a 
special case of which leads to Klein’s hy perelliptic configura- 
tion of 40 points, 90 lines, 40 planes. By E. Hastings Moore, 
Chicago, Ill. 

“ Cae photometry. By Henry M. Parkhurst, Brooklyn, 


8. An extension of the Gaussian-potential theory of terres- 
trial magnetism. By H. A. Bauer. Presented by R. S. 
Woodward, New York, N. Y. 

9. Sketch of zone observations at the Naval Observatory. 
By Aaron N. Skinner, Washington, D. C. 
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10. Gilliss’s catalogue of Southern stars. By Edgar Frisby, 
Washington, D. C. 

No. 1 opened with a review of the experiments of Langley, 
Huggins, and others, made in the hope of observing the 
corona without an eclipse. The author’s experiments were 
begun at the Kenwood Observatory, Chicago, in 1892, and 
have since been continued on Pike’s Peak and Mount Etna. 
The instrament employed was the spectroheliograph, which 
allows the photographic plate to be protected from the direct 
light of the sky by shading it with the dark band X of the 
solar spectrum. The light of the corona being represented 
in large part by a coutinuous spectrum, the method employed 
permits the brightness of the sky to be cut down without 
appreciably impairing the brightness of the corona. ‘The 
experiments on Pike’s Peak and Mount Etna were rendered 
useless by smoke, in the first case from forest fires, and in the 
second from the voleano. ‘Two new methods of observing the 
corona without an eclipse were also described. 

No. 2 was a description of a method of controlling an equa- 
torial clock as applied by the author to the instrument in the 
observatory at Evanston, Ill. It is one of many improvements 
devised by the author, the adaptation of which at Evanston 
has added greatly to the equipment of the observatory. 

No. 3 stated that the prime requisites in the driving-clock 
are: first, that the pendulum shall be perfectly free to main- 
tain its exact theoretical position, whether the resistance to 
its motion be much or little; second, that whatever its theo- 
retical position may be it should be mounted isochronously, 
so that its time of revolution will be the same, whether much 
or little of the driving power is used to move the telescope 
itself. The mechanism to absorb the excess of power must 
be so arranged that the power not required elsewhere will be 
instantly transferred to it and absorbed, thus leaving the 
pendulum revolving at its normal rate. 

Two methods for accomplishing these desiderata were 
given. One by Professor Young of Princeton in which the 
pendulum-rod is hung, so that its varying angle leaves its 
theoretical length practically constant, and another as applied 
by Repsold to the heliometer at Yale, by the use of the prin- 
ciple of the tuning-fork. 

It was pointed out that the governing of the slow motion 
in right ascension has been well accomplished by use of the 
method usually applied to slow motion in declination. 

No. 4 was a comparison of the results of observations of the 
variation of latitude at the Sayre Observatory with those de- 
duced from the formula of Dr. 8. C. Chandler. his formu- 
la for the Sayre Observatory is 


¢— 0.156” cos (t —T,’) 0.850°—9.153” cos (© — 280°), 
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where ¢ = value of the latitude at any time ¢; 
~, = mean value of the latitude ; 

. © = the sun’s longitude; 
T’,’ = 2,412,125 (Julian date). 


The term — 0.156’ eos (¢ — 7',')0.850° is that part of the 
variation having a period of 424 days; the variation repre- 
sented by — 0.153” cos (© — 280°) has a period of one year. 
It was shown that the complete formula did not compare 
very favorably with the results of observation, but that when 
only the 424-day term was considered the agreement was very 
good. This is in accord with Chandler’s latest investigations, 
which show that the annual movement is in a very excentric 
ellipse. The German observatories, being nearly on the direc- 
tion of the major axis of this ellipse, experience nearly the 
full effect of the movement, while for the meridian of Beth- 
lehem it nearly vanishes. The paper was accompanied by a 
chart. 

No. 5 was a shortening and simplification of what has been 
heretofore a long and laborious proof. The abridgment of 
demonstrations is an important labor, as it seems to offer the 
only solution of the problem of acquiring, with the rapidly- 
extending domain of mathematical science, a fair proportion 
of its content in a lifetime. 

No. 6 was the discussion of « configuration which is deter- 
mined by an arbitrary fundamental tetrahedron and an arbi- 
trary transversal (not lying in a face or -passing through a 
vertex of the tetrahedron). These elements determine a 
Reye’s tetrahedral complex whose lines cut the faces [are 
joined to the vertices] of the tetrahedron in ranges of four 
points [axial pencils of four pianes] having the same anhar- 
monic ratio. The 27 Cf.-lines belong to the complex, the 
transversal being a Cf.-line. The 36 Cf.-points lie [Cf.-planes 
pass] by fours on [through] the 27 Cf.-lines and by nines 
on [through] the four faces [vertices] of the fundamental 
tetrahedron. 

If in particular the transversal cuts the four faces in a 
range of four points having an equianharmonic ratio, then by 
adjoining certain elements to our configuration we obtain 
Klein’s hyperelliptic configuration* of 40 points, 90 lines, 40 
planes. 


*® Wirrixc: Uber eine der Hesse’schen Configuration der ebenen Curve 
dritter Ordnung analoge Configuration im Raume auf welche die Trans- 
formationstheorie der hyperclliptischen Functionen fiihrt. Inaugural- 
dissertation, Dresden, 1837. 

Mascuke: Aufstellung des vollen Formensystems ciner quaterndren 


Gruppe von 51840 linearen Substitutionen: Mathematische .1nnalen, vol. 
33, pp. 317-344, 1882. 


fi 
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No. 7 was a reply to the criticisms in the Astronomische 
Nachrichten of the results obtained by the Harvard Observa- 
tory with the meridian photometer. The necessity was shown 
of photometric methods as a basis for the division of the stars 
into magnitudes, especially for the reason that errors of judg- 
ment in the estimation of brightness will inevitably be per- 
petuated, while errors in photometric observation will be 
graduaily eliminated. From the author’s independent photo- 
metric observations with a different instrument, he had veri- 
fied the general accuracy of the observations with the meridian 
photometer, and attributed the errors which had been de- 
tected chiefly to the misidentification of stars, a source of 
error to which he considered the meridian photometer pecui- 
iarly liable in the observation of variable stars. This confined 
the main objection to less than a dozen pages contained in a 
supplement to one of two large volumes of meridian photom- 
eter observations. A defence was made of what had been 
styled ‘‘excessive haste” in the Harvard observations, upon 
the ground that at the time when they were made, when there 
were no determinations for faint stars, it was important to 
obtain observations of as many stars as possible, in order that 
they might be easily accessible, even at the risk of errors and 
inaccuracies which could be easily sifted out. This work 
stands in the same relation to later and more accurate obser- 
vations that the “ Durchmusterung” bears to meridian-circle 
observations with regard to stellar positions. 

No. 8 showed how to.utilize observations with a view to 
determining the time-variation of the carth’s magnetic 
potential. The idea of the paper is to derive values for the 
potential at different epochs, separated by intervals of a cen- 
tury or more, and thus discover its law of change. A difficulty 
met in the application of the idea arises from the paucity of 
data in the earlier observations, these consisting generally of 
a single one of the elements, namely, declination, dip, or hori- 
zontal force. ‘The paper shows, nevertheless, how to use such 
incomplete data, and the author hopes by an application of 
his method to throw additional light on the obscure question 
of the secular variation of the elements of the earth’s mag- 
netism. 

.No. 9 opened with an account of Argelander’s ‘‘ Northern 
Durchmusterung” and the organization by the German As- 
tronomical Society of the work of accurately determining the 
positions of all stars there given to the 9th magnitude in- 
clusive. The German Astronomical Society in undertaking 
the same task for the stars in Schénfeld’s “Southern Durch 
musterung ” assigned to the Naval Observatory at Washing- 
ton the zone — 13° 50’ to — 18° 10’ containing 8689 of these 
stars. 

Since January 13, 1894, when the work commenced, 5105 
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zone — about 600 zero and azimuth stars have been ob- 
served. 

For a working list the card system has been used with great 
satisfaction. A card is devoted to each star, with a space for 
the results of observation. In arranging the cards -for an 
evening’s work, slips are inserted to indicate the time for 
reading meteorological instruments and for lunch. 

Fifty to sixty stars are observed per hour. The programme 
requires two accordant observations of each zone star. The 
observations are entirely differential and are founded upon a 
list of 303 zero stars. 

No. 10 was an account of the work of reduction of the data 
of Gilliss upon the positions of stars in the southern hemi- 
sphere. ‘The author described the difficulties encountered by 
the observer from poor equipment and insufficient support. 

Among the errors of observation were the recording of one 
cross wire for another, and use of the telescope when its cross 
wires were oblique, the error thus arising being attributed to 
refraction. 

Mr. J. A. Brashear of Allegheny, Pa., exhibited a concave 
grating with 15,000 lines to the inch, ruled on Professor 

wland’s new ruling-machine. 

The place of the next annual meeting will probably be San 
Francisco, although no final decision was reached, followed 
by a meeting at Buffalo in 1896. The President of the next 
meeting will be E. W. Morley, Cleveland, Ohio. 

‘The officers of section A chosen for 1895 are: E. S. Holden, 
Mt. Hamilton, Cal., Vice-President, and E. H. Moore, Chicago, 
Til., Secretarv. 


CULLEGE. E. M. BLakKeE. 


NOTES. 


THE mecting of the British Association for the Advance- 
ment of Science was held this year at Oxford, beginning on 
August 8 with the presidential address by Lord Salisbury. 
The attendance was exceptionally large, many eminent foreign 
scientists being present, and a number of papers of high im- 
portance was read. The University expressed its appreciation 
of the presence of so many distinguished foreigners by confer- 
ring the honorary degree of D.C.L. upon some twelve of 
them, among whom was Professor Gosta Mittag-Leffler. On 
Thursday, August 9, a soirée and exhibition of scientific ap- 
paratus was held in the University Museum. Among the 
exhibits was a series of linkage models by Professor Henrici. 
On Friday the section of mathematics and physics held a joint 
session with the section of mechanics, and several discussions 
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were engaged in, one of the most interesting being on “ Inte- 
grators, harmonic analysers and integraphs, and their applica- 
tion to physical and engineering problems.” 


THE courses in pure mathematics announced at the Univer- 
sity of Berlin for the semester beginning October 15 include the 
following: Fuchs, Linear differential equations, Elliptic func- 
tions—Frobenius, Theory of algebraic equations—Schwarz, 
Synthetic conic sections, Integral Calculus, Calculus of varia- 
tions—Hensel, Theory of numbers, Theory of algebraic inte- 

rals—Hettner, Fourier’s series—Knoblauch, he sur- 
Twisted curves, Differential caleulus—Schlesinger, 
Theory of definite integrals. T. 8. F. 


TuE first and second sections of the French Association 
for the Advancement of Science at the Caen Congress, in 
their session of August 14, 1894, when the order of the 
| was, a study of means to insure a more facile and fruit- 
ful exchange of views between mathematicians of different 
nations, and thus to contribute to the progress of mathe- 
matics and the perfecting of its methods, passed unanimously 
the following resolutions, after a thorough discussion, joined 
in by many members: 

1. We give our most complete adherence to the plan for 
creating international mathematical congresses, and declare 
ourselves disposed to bear all aid to the efforts making or to 
be made toward this end. 

2. We approve absolutely the idea of Mr. Mansion, relative 
to the making of mathematical vocabularies, and applaud the 
beginning of its realization already accom lished by Com- 
mandant Brocard in the preparation of a French mathemat- 
ical vocabulary. 

3. We express the hope that the project of Mr. Jacques 
Boyer concerning the establishment of a mathematical diction- 
ary may come toa happy issue, both in France and in many 
other countries. 

4. We believe we should draw attention to the remarkable 
mathematical monographs being published at this moment in 
Germany, and of which it woul very desirable to see pub- 
lished translations into divers languages. 

5. We consider that the great efforts made by Professor 
Peano and many of his confréres for the propagation of algo- 
rithmic logic and the publication of a mathematical formu- 
lary are of 2 nature to contribute powerfully to the end we 
seek to attain. 

6. We are happy to state the degree of advancement of the 
Répertoire Bibliographique des Sciences Mathématiques, and, 
in the same order of ideas, to applaud the highly interesting 
publication due to a group of mathematicians in Holland, 
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particularly Mr. P. H. Schoute, which is entitled Revue Seme- 
strielle des Publications Mathématiques. 

7. We think that the publication of ?Intermédiaire des Ma- 
thématiciens, since the beginning of 1894, has rendered and 
will render very great services in what concerns the relations 
of mathematicians to each other; we express our gratitude to 
the founders, Laisant and Lemoine, and felicitate ourselves 
that this initiative was due to two members of the French As- 
sociition for the Advancement of Science. 

8. We take into very serious consideration the reflections 
presented by Mr. Lémeray on the possibility of establishing 
mathematical libraries, having for object to put books at the 
disposal of workers remote from scientific centres. 

9. We decide that the question, under the general form 
which has been given it, shall be retained as the order of the 
day for sessions at the Bordeanx meeting in 1895. G. B. H. 


THE Prince Jablonowski Society of Leipzig makes the fol- 
lowing announcements in regard to prizes in the department 
of mathematies and natural science: 

For 1894.-—The determination afforded by Leverrier of the 
secular perturbations of orbits, in the case of the inner planets 
particularly, gives unsatisfactory results, inasmuch as the 
terms of the second order cannot be used in the calculations, 
they being inexact and occasionally even greater than the 
terms of the first order. This difficulty, which in its conse- 
quences seems to be related to certain anomalies in the 
motion of Mercury relative to its perihelion, Leverrier* was 
inclined to attribute to the method of treatment adopted, by 
which in the first approximation the differential equations of 
the problem were considered as linear. The society desires 
accordingly a new delermination of the secular perturbations of 
at least the orhits of Mercury, Venus, the Earth, and Mars, 
having regard to the terms of higher order, the methods em- 
ployed to be free from objections, and the difficulties en- 
countered by Leverrier, which would destroy the utility of 
the results, to be removed. 

For 1897.—The methods which Monge, Ampére, and Dar- 
boux have furnished for integrating partial differential equa- 
tions of the second and higher orders are applicable only to 
those equations which have in common with other equations 
solutions dependent not merely upon arbitrary constants. 
On the other hand it follows from Lie’s investigations upon 
infinite groups that equations which admit an_ infinite 
group of contact transformations, in general, bear to 
other equations the relation just described (involutorial rela- 


* Recherches astronomiques, chap. 1x, art. 16, and Additions ITT, 
p. 51. 
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tion).* The society desires that the methods of integration 
resulting from this remark should be developed, and should be 
illustrated to as great an extent as possible by instructive ex- 
amples fully worked out. 

The prizes are of 1000 marks each. Papers offered in com- 

tition will be received.by the secretary of the society until 
No vember 30 of the year indicated. The results will be an- 
nounced in the following March or April. 


PRINCE BALDASSARE BoncompaGNI, for many years editor 
of the Bulletins di Bibliografia e di Storia delle Scienze ma- 
tematiche e fisiche, died at an advanced age in Rome on April 
12 last. 


HERMANN FERDINAND BARON VON HELMHOLTZ 
died in Berlin on September 8, at the age of seventy-three 
years. 


NEW PUBLICATIONS. 


I. HIGHER MATHEMATICS. 


AntiLorti (F.). Trattato di analisi algebrica. Parte I: Analisi alge- 
brica elementare. Napoli, 1898. 8vo. 9 and 308 pp. 


Axcalis (F. p’). Corso di calcolo infinitesimale. Vol. II: Calcolo in- 


tegrale. Pudova, 1894. 8vo. Fr. 11.00 
Axcui.ua (S.). Principios fundamentales del diferencial. 2a 
edicién. Madrid, 1894. 4to. 16 and 227 pp. Fr. 10.00 


Arnoux (G.). Essais de psychologie et de métaphysique positives. 
Arithmétique graphique. Les espaces arithmétiques hyperma 
giques. Paris, Gauthier-Villars, 1894. 8vo. 24 and 176 P 1 
colored plate. r. 6.00 


ASCHIERI (F.). Geometria proiettiva del piano et della stella. = edi- 
zione, corretta ed ampiata del Manuale di geometria proiettiva. 
Milano, Hoepli, 1894. 16mo. 6 and 228 pp. Illustrated. 


BacuMANN (P.). Zahleutheorie. Versuch einer Gesammtdarstelluvg 
dieser Wissenschaft in ihren Haupttheilen. In 6 Theilen. 2ter 
Theil: Die analytische Zahleutheorie. Leipzig, Teubner, 1894. 
8vo. 18 and 494 pp. Mk. 12.00 


BERIOULLI (J.). See STACKEL. 


Hiancur (L.). Lezioni di geometria differenziale. Parte II. Pisa, 
1894. 8vo. pp. 257-544. The whole work Fr. 20.00 
Bort (E.). Sur quelques points da la théorie des fonctions. [Thése.] 
Paris, Gauthier-Villars. 1894. 4to. 53 pp. Illustrated. Fr. 5.00 


Bruns (H.). Ueber die Ableitung des mittleren Feblers. Lore, 
1894. 4to. 17 pp. 


* Darpoux, Journal de l’école normale, 1870. 
Lier, Berichte der siichsischen Geselischaft der Wiss., 1891-94. 
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Buraut-Fort1 (C.). ica ~matematica. Milano, Hoepli, 1894. 
16mo. 6 and 158 1.50 


Cantor (M.). Vorlesungen tiber Geschichte der Mathematik. In 8 
Banden. Band III: Vom Jahre 1668 bis zum Jahre 1759; in 8 
Abtheilungen. AbtheilungI: Die Zeit von 1668 bis 1699. Le’ 
zig, Teubner, 1894. 8vo. pp. 1-252. Illustrated. Mk. 6. 


Cartan (E.). Sur la structure des groupes de transformations finis et 
continus, [Thése.] Paris, Novy, 1894. 4to. 159 pp. 


CavenpisH. See RECREATIONS with magic squares. 


Cotun (K. R.). Larobok i plan analytisk Geometri. Stockholm, 
1894. 8vo. 136 pp. Mk. 3.00 


Comte (A.). La géométrie analytique d’Auguste Comte. Nouvelle 
édition, précédée de la Géométrie de Descartes. Paris, Bahl, 1894. 
8vo. 606 pp. Illustrated. 3 plates. 


(R.). See ComrTe. 


Dopeson (C. L.). Curiosa mathematica. Part II: Pillow problems 
thought out during wakeful hours. 3d edition. London and New 
York, Macmillan, 1894. 8vo. 109 pp. Cloth. $0.75 


Dumont (F.). Essai d’une théorie élémentaire des surfaces du troi- 
siéme ordre. 1e partie. Annecy, Dépollier, 1894. 8vo. 80 pp. 


Doyrses (A. J.). Enkele Hoofstukken uit de Theorie der Rekenen 
Stelkunde. Haarlem, 1894. 8vo. 8 and 60 pp. Mk. 1.80 


ENGLER (E. A.). Geometrical constructions for cutting from a cone of 
revolution plane sections (a) of given eccentricity, (5) of given latus 
rectum. [Transactions of the Academy of Science of St. Louis, Vol. 
VI, No. 8.] 1893. 8vo. pp. 183-190. 


Eu er (L.). See STAcKEL. 


Fermat (P. DE). (Euvres, publiées par les soins de P. Tannery et C. 
Henry, sous les auspices du Ministére de l’instruction publique. 
En 3 volumes. Vol. II: Correspondance. Paris, Gauthier-Villars, 
1894. 4to. 12and 514 pp. Illustrated. Fr. 22.00 


ForMULARIO di matematica e fisica. Firenze, 1894. 12mo. sd PP. 


Fort (O.) und Scntémitcu (O.). Lehrbuch der analytischen Geome- 
trie. In 2Teilen. Teil I: Analytische Geometrie der Ebene, von 
O. Fort. 6te Auflage, poms. - von R. Heger. Leipzig, Teubner, 
1894. S8vo. 8 and 264 pp. Illustrated. Mk. 4.00 


GaNnGER (F.). Ueber die Lésung von Gleichungen durch bestimmte 
Integrale. [Progr.] Stralsund, 1894. 4to. 10 pp. Mk. 1.50. 


GanTER (H.) und Rupro(F.). Die Elemente der analytischen Geome- 
trie der Ebene. Zum Gebrauch an héheren Lehranstalten sowie 
zum Selbststudium dargestellt und mit zahlreichen Uebungsbei- 
spielen versehen. 2te verbesserte Auflage. Leipzig, Teubner, 
1894. 8vo. 6and 168 pp. Illustrated. Mk. 2 40 


GRassMANN (H.). Gesammelte mathematische und 
Werke. Auf Veranlassung der K Gesellschaft der Wissenschaften 


zu Leipzig und unter Mitwirkung von Litroth. Study, J. Grass- 
mann, H. Grassmann d. J. und Scheffers herausgegeben von F. 
Engel. In 3 Banden. Band I, enhaltend die beiden Ausdehn- 
ungslebren und die geometrische Analyse. Leipzig, Teubner, 
1894. 8vo. Portrait. Mk. 16. 
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Hocunem (A.). Aufgaben aus der analytischen Geometrie der Ebene. 

er Kre theilun (Au und Aufldsungen). ig, 
Teubner, 1894. 8vo. ere) Mk. 3.9 


IamsBuicuus: In Nicomachi Arithmeticam introductionem liber. Ad 
fidem codicis Florentini edidit H. Pistelli. Lipsiae, Teubner, 1894. 
8vo. 9 and 195 pp. Mk. 2.40 


Jacosi (C. G. J.). See 
LaGrance. See STACKEL. 
LEGENDRE. See STACKEL. 


Sur les surfaces génératrices rationnelles. [Thése.] 
Paris, Gauthier-Villars, 1894. 4to. 113 pp. 


Lucas (E.). Récréations mathématiques. IV: Le calendrier tuel; 
l'arithmétique en boules; |’arithmétique en batons; les mérelles au 
XIlle siécle; les carrés magiques de Fermat; les réseaux et les do- 
minos; les régions et les 2% coulenrs; la machine a marcher. 
Paris, Gauthier-Villars, 1894. 16mo. 8 and 267 pp. meee 


Mine (J. J.) and Davis (R. F.). Geometrical conics. Part I: The 
sa Part IL: The central conic. London and New York, 
acmillan, 1894. 8vo. 216 pp. 4s. 6d. 
Mosnat (E.). Problémes de géométrie analytique. Tome III: Géo- 
métrie 4 trois dimensions. A l’usage des candidats 4 I’Ecole poly- 
technique, a l’Ecole normale et l’agrégation. Paris, 1894. 
8vo. 405 pp. r. 7.00 


Nicuots (H.) and Parsons (W. E.). Our notions of number and 
space. Boston, Ginn, 1894. 8vo. 6and 201 pp. Cloth. $1.10 


NizwEnGLowsk! (B.). Cours de géométrie analytique, a l’usage des 
éléves de la classe de mathématiques spéciales et des candidats au 
écoles du gouvernement. Tome I: Sections coniques. Paris, 
Gauthier-Villars, 1894. 8vo. 6 and 484 pp. Illustrated. Fr. 10.00 


Ocacne (M. pv’). Le calcul simplifié par les procédés mécaniques et 
graphiques. Paris, 1894. 8vo. Illustrated. 1 plate. . 2.75 


PucHBERGER (E.). Eine allgemeinere Integration der Differential- 
gleichungen. Heft 1. Wien, Gerold, 1894. 8vo. 4 
a . 


REcREATIONS with magic squares. The eight queens problem, solved 
by magic squares, by Cavendish. London, De La Rue, 1894. 
12mo. 84 pp. 2s. 6d 


REPETITORIUM (KuRZEs) der hdberen Mathematik. Bearbeitet nach 
den Werken und Vorlesungen von Dubamel, Lipschitz, Salmon, 
Schlémilch u. A. Theil II: Integralrechnung. Wien, 1894. 8vo. 
Illustrated. Mk. 1.10 


Sevier (J. A. de). Sur deux formules fondamentales dans la théorie 
des formes quadratiques et de la multiplication complexe d’aprés 
Kronecker. [Thése.] Paris, Gauthiers-Villars, 1894. 8vo. 12 
and 340 pp. 


Samira (H. J.S.). The collected mathematical papers, edited by J. W. 
L. Glaisher. In 2 vols., with a biographical sketch by C. H. Pear- 
son ; recollections by Jowett, Lord Bowen, J. L. Strachan-David- 
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son, aud A. Robinson ; and an introduction to the papers by J. W. 
L. Glaisher.) Cambridge, Clarendon Press, 1894. 4to. ol. I: 
95 and 603 pp.; Vol. II: 7 and 719 pp. 63s. 


SrAckEL (P.). Abbhandlungen tiber Variations-Rechnung, herausge- 
eben von P. Stickel. Theil 1 [Ostwald’s Klassiker der exakten 
issenschaften, No. 46]: Abhandlungen von Johann Bernoulli 

(1696), Jacob Bernoulli (1697) und L. Euler (1744). - be 
gelmann, 1894. 8vo. 144 pp. Illustrated. 


— Abhandlungen tiber Variations-Rechnung, herausgegeben von 

P. Stickel. Theil II [Ostwald’s Klassiker der exakten Wissen- 
schaften, No. 47]: Abhandlungen von Aagenes (1762, 1770), 
Legendre (1786) und C. G. J. Jacobi (1837) ipzig, Eugelmann,,. 
1894. 8vo. 110 pp. Illustrated. 1.66 1.60 


STEGEMANN (M.). Tabelle der wichtigsten Formeln aus der Inte 
rechnung. Ste Auflage, herausgegeben von L. Kiepert. 4 
nover, 1894. 8vo. 36 pp. Mk. 0.50 


Grundriss der Differential- und Integral-Rechnung. Theil II: 
Integral-Rechnung. Ste Auflage, herausgegeben von L. Kiepert. 
Hannover, 1894. 8vo. 16 and 597 pp. Illustrated. Mk. 11.50 


Srrou (E.). Theorie der Combinanten algebraischer Formen. Min- 
chen, 1894. 8vo. 23 pp. Mk. 1.00 


(J.). Grundlehren der analytischen Planimetrie. [Progr.]} 
Warendorf, 1894. 8vo. 43 pp. 3 plates. 


Trmerpine (E.). Ueber die Kugeln, welche eine cubische Raumcurve 
mehrfach oder mehrpunktig berihren. [Diss.] Strassbur, 
8vo. 41 pp. Mik. 1 


VELTMANN (W.) und Koti (O.). Formeln der niederen und hdheren 
Mathematik, sowie fir die Theilung der Grundstiicke und Traci- 
rungsarbeiten. 2te, vermehrte Auflage. Bonn, 1894. 8vo. 80 
pp. Illustrated. Cloth. Mk. 4.00 


VERONESE (G.). Grundziige der Geometrie von mehreren Dimensionen 
und mebhreren Arten gradliniger Einheiten in elementarer Form 
entwickelt. Mit Genehmigung des Verfassers nach einer neuen 
Bearbeitung des Originals tibersetzt von A. Schepp. — 
Teubner, 1894. 8vo. 47 and 710 pp. Lilustrated. Mk. 20.00 


Osservazioni sui principii della geometria. Padova, Randi, 
1894. [Atti e¢ memorie della R. Accademia di Padova, Vol. X.; 
8vo. 24 pp. 


WieGner (G.). Ueber cine besondere Klasse von Translationstliichen. 
[Diss.] Leipzig, 1893. 8vo. 83pp. 2 plates. 


Wyatt (M.). An introduction to the differential and integral calculus, 
London, Whittaker, 1894. 8vo. 98 pp. Cloth. 3s. 6d. 


ZEUTHEN (H.G.). Tilleg til de paa Polyteknisk Leereanstalt benyttede 
Lerebéger i Mathematik. Kjébenhavn, 1894. 4to. 64 pp. 
[Lithogr.] Mk. 2.50 
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II. ELEMENTARY MATHEMATICS. 
L.). Puissances et racines. Perpignan, Latrobe, 1894. 8vo. 
pp. 


Anrens (I. F.). Buchstabenrechnung und Algebra fiir gewerbliche 
Fortbildungs- und Fachschulen, Handwerkerschulen, sowie zum 
Selbstunterricht. Heft 1: Buchstabenrechnung i im Allgemeinen. 
Kiel, Lipsius und Fischer, 1894. 8vo. 3 and 37 pp. Boards. 

Mk. 0.50 


AseLLo (C.). Lezioni pratiche di geometria descrittiva per la rap- 
presentazione delle figure piane e dei solidi. Palermo, 1894. 16mo. 
15 plates. Fr. 3.00 


AvsBrEcat (T.). Vierstellige Logarithmentafel. Leipzig, Engelmann, 
1894. 8vo. 30 pp. Boards. Mk. 1.20 


AueeBra. Stage 1: Specific subject tests. London, Simpkin, 1894. 
12mo. 18 pp. 2d. 


Anpoyer (H.). Cours de géométrie a ’usage des éléves de l’enseigne- 
ment primaire supérieur. Ouvrage rédigé conformément au pro- 
ramme officiel de 1893, et précédé d’une préface de J. 

aris, Belin, 1894. 12mo. 11 and 487 pp. Fr. 3.00 


AnpRE (D.). L’arithmétique des écoles primaires ; ouvrage conforme 
aux programmes Officiels de 1892. Cours élémeniaire, contenant 
1666 exercices pratiques. 9e édition, contenant des notions de 
géométrie. Paris, Belin, 1894. 12mo. 4 and 159 pp. 


Anpre (P.). Traité de géométrie élémentaire, conforme au_pro- 
gramme officiel,  Y'usage de la classe de mathématiques élémer 
taires et des candid: uts aux écoles du gouvernement. Puris, —. 
1893. 8vo. 583 pp. Illustrated. Fr. 


Précis de géométrie élémentaire, conforme au programme of- 
ficiel, 2 l’usage de tous les établissements d'instruction et des can- 
didats aux baccalauréats de l’enseignement classique et de l’ensigne- 
ment moderne. Paris, André, 1894. 8vo. 405 pp. Iustrated. 


Aritumetica, Tijdschrift voor rekenkunde ten dienste van onder- 
wijzers, onder redactie van A. Labberton. Leiden, 1894. Mk. 3.00 


B. A. Pere Matuematics. Questions and solutions for 12 years, in- 
cluding 1898. New edition. London, Clive, 1894. 8vo. 4s. 6d. 


Barpey (E.). Zur Formation quadratischer Gleichungen. 2te, un- 
veriinderte Auflage. Leipzig, Teubner, 1894. 8vo. 390 


Biorevp (L.). Aids to Euclid. Book 2. Birmingham, Midland 
Educational Co., 1894. 8vo. 12 pp. 6d. 


Breen (A. J. vAN). Trigonometrie. Ruim 800 opgaven ter —a 
verzameld. Culemborg, 1894. Svo. 4 and 82 pp. 


Brever (P. J.). Die gemeinen Logarithmen. 2te Auflage. wrt 
Teubner, 1894. 8vo. 31 pp. 


Broéckernor¥ (O.). Lehrsitze und Aufgaben iiber Linien im Dreieck. 
[Progr.] Beuthen, 1894. 4to. 16 pp. Illustrated. 
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Couns D’ALGEBRE, a l’usage des sous-officiers candidats aux écoles 
militaires. Paris, Lavauzelle, 1894. 8vo. 108 pp. Fr. 2.50 


Det Poceetro (E. A.). Regole pratiche per la risoluzione dei ae 
blemi di geometria. 2a edizione. Firenze, Nannini-Chiesi, 1894. 
16mo. 167 pp. Fr. 1.00 


Dorr (R.). Die Kreislinie und die Seite des kreisgleichen ——— 
appahernd darstellbar durch geometrische Funktionen. Ein Bei- 
trag zur Quadratur des Kreises. Elbing, 1894. 8vo. Mk. 0.50 


EXAMINATION Papers of the University of Cambridge. Michelmas 
term 1893 to Easter term 1894. Vol. 23. Cambridge, University 
Press, 1894. to. 15s. 


Fake (J.). Die Berechnung der Logarithmen nach einem einfachen 
elementaren Verfahren. [Progr.] Arnstadt, 1894. 4to. 25 pp. 


Gato (N.). Lezioni di trigonometria rettilinea. Aversa, Castaldi, 
1894. 8vo. 211 pp. Illustrated. Fr. 4.00 


Gauss (F.). Ueber die pythagoreischen Zahlen. rogr.| Bunzlau, 
1894. 4to. 16 pp. [Progr.] Mk. 1.50 


Gauss (F. G.). Finfstellige vollstandige logarithmische und _ trigono- 
metrische Tafeln. 48te Auflage. Halle, 1894. S8vo. 166 and 35 
pp. Cloth. Mk. 2.50 


Dieselben. Kleine Ausgabe. 5te Auflage. Halle, 1894. 
Svo. 3and 96 pp. Cloth. Mk. 1.60 


Grrop (F.). Cours de géométrie théorique et pratique, a l’usage des 
lycées et des colleges, etc., contenant de nombreuses applications 
au dessin, a l’architecture, 4 l'arpentage, au levé des plans, au ni- 
vellement, et plus de mille exercices proposés de géométrie pure et 
appliquée. 12e édition. Paris, André, 1895. 8vo. 392 pp. Il- 
lustrated. r. 4.00 


Gv1weE to the mathematics of the matriculation examination of the Uni- 
versity of London. 5th edition. London, 1894. 8vo. ag 
2s. 6d. 


Hunt (E.). Concrete Cpe for grammar schools. Boston, Heath. 
1894. 8vo. 4 and 99 pp. $0.30 


Latsant (G. A.) et Pernin (E.). Applications de l’algébre. Pro- 
blémes de géométrie, recueil contenant un résumé du cours de géo- 
métrie, quatre-vingts questions résolues et plus de trois cents pro- 
blémes a résoudre, 4 V'usage des éléves des écoles primaires 
supérieures, des écoles normales primaires et des candidats au 
brevet supérieur. Paris, Delagrave, 1894. 18mo. 6 «and 165 pp. 


Lance (J.). Geschichte des Feuerbachschen Kreises. [Progr] Ber- 
lin, Gaertner, 1894. 4to. 34 pp. 2 plates. Mk. 1.00 


Las Aas (J.) y BazAn (P.). Pizarras de algebra, escritas con arreglo 
& la obra que sirve de texto para el ingreso en las academias mili- 
tares, y resoluciones de los ejercicios. 2a edicién. Toledo, 1894. 
4to. 101 pp. Mk. 6.00 


Metsset (E.). Entwurf einer Tafel, aus welcher die sechs Elemente 
einer beliebigen Menge sphitrischer Dreiecke sofort entnommen 
werden kiunen. ([Progr.] Kiel, 1894. 4to. 7 pp. 
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Mocnix (F. von). Geometrische Ansch lehre fiir Unter-Gymna 


sien. 2te Abtheilung. 18te Auflage, von F. Wallentin. ien, 
Gerold, 1894. 8vo. Zand 96 pp. Illustrated. Cloth. Mk. 1.30 


Scuiicut (C.). Die Behandlung der Logarithmen im.Gymnasium. 
Rastenburg, 1894. 8vo. 39 pp. Mk. 1.20 


Situ (C.). Elementary algebra, for the use of preparatory schools ; 
revised and adapted to American schools by I. Stringham. New 
York, Macmillan, 1894. 12mo. 408 pp. Cloth. $ 


Veca (G. von). Logarithmisch-trigonometrisches Handbuch. Neue 
Ausgabe, bearbeitet von C. Bremiker. 75te Auflage, von T. 
Tietjen. Berlin, Weidmauns, 1894, 8vo. 28 and 575 pp. Mk. 4.20 


Versvvys (J.). Handboek der vlakke Driehoeksmeting. Amsterdam, 
1894. 8vo. 2and 256 pp. Illustrated. Mk. 6.00 


WieckeE (P.). Lehrproben. Geometrische und algebraische Betrach- 
tungen iiber Maxima und Minima. Zum Gebrauch in den oberen 
Klassen hdherer Lehranstalten, sowie zum Selbstunterricht, als 
Vorbereiturg fiir den Besuch deutscher Hochschulen. Berlin, 
Reimer, 1884. 8vo. 18 and 180 pp. Illustrated. 7 plates. 
Boards. Mk. 5.00 


APPLIED MATHEMATICS. 


ARNOLD (E.). Die Theorie und Berechnung der asyncbronen Wech- 
selstrom-Motoren. Berlin, 1894. 8vo. 52 pp. 


Bant1 (A.). I motori elettrici a campo magnetico rotatorio. Torino, 
1894. 82 pp. Illustrated. Fr. 4.00 


BarMWATER (F.). Lerebog i mekanisk Varme og Elektricitet. 
Kjébenhavn, 1894. 8vo. 252 pp. Illustrated. Mk. 6.00 


Bateman (J. F. R.). Short method ex-meridian tables, computed for 
intervals of one minute between the parallels of latitude 0 and 60° 
inclusive ; with instructions for using the tables in French, Ger- 
man, Spanish, Portuguese, Italian, Dutch, and Scandinavian. 
London, Simpkin, 1894. 4to. 224 pp. %s. 6d. 


BERTHENSON (G.). Grundprincipien der physiologischen Mechanik, 
und das Buttenstedt’sche Flugprincip. Berlin, 1894. “ Fy PP. 


BouTe (F.). Die Methoden der Chronometer-Controle an Bord zum 
Zwecke der Lingenbestimmung, nebst Tafeln zur Erleichterung 
der Reduction. Im Auftrage der Direction der deutschen Seewarte 
bearbeitet. Hamburg, 1894. 4to. 95 pp. Illustrated. E — 


CHRISTIANSEN (C.). Elemente der theoretischen Physik. Deutsch 
von J. Miller. Mit einem Vorwort von E. Wiedemann. Leipzig, 
Barth. 8vo. 8 and 458 pp. Illustrated. Mk. 10.00 


CurystraL (G.) and SHaw (W.N.). Electricity, Electrometer, Mag- 
netism, and Electrolysis. Repriuted from the 9th edition of the 
Encyclopedia Britannica. London and New York, Macmillan, 
1894. 4to. Boards. 31.60 
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Couen (E.). Het bepalen van overgangspunten langs electrischen weg 
en de electromagnetische kracht bij scheikundige omzetting. 
[Diss.] Amsterdam, 1894. Svo. Sand 100 pp. 1 plate. 


Dirrmer. Handbuch der Seeschiffahrtskunde. Leipzig, 1894. 8vo. 
10 and 420 pp. Illustrated. Mk. 5.50 


Dorn (E.). See Gavss. 


Dreset (R.). Theory and construction of a rational heat-motor. New 
ae Spon & Chamberlain, 1894. 8vo. 85 pp. Illustrated. 
oth. $2.50 


Drupe (P.). Physik des Aethers auf elektromagnetischer Grundlage. 
Stuttgart, Enke, 1894. 8vo. 16 and 592 pp. veces 
k. 14.00 


(V.). Etude expérimentale de la 
machine 3 vapeur. Paris. 1894. 8vo. 183 pp. Rental. ci 


Feipmann (C. P.). Wirkungsweise, Prifung und Berechnung der 
Wechselstrom-Transformatoren. (In 2 Theilen.) Theil I. bgt 
Leiner, 1894. 8vo. 12 and 228 pp. Illustrated. 


ae (R. B.). Aids to the mathematics of hygiene. London, 
12mo. 90 pp. Cloth. 2s. 


Forru (A.). Einfihrung in die Maxwell’sche Theorie der Elektricitat. 
Mit einem eivleitenden Abschnitte tiber das Rechnen mit Vector- 
gréssen in der — Leipzig, Teubner, 1894. 8vo. 16 and 
413 pp. Illustrat Mk. 10.00 


(J. G.). Verzeichniss der Elemente der bisher berecneten 
Cometenbahnen, nebst Anmerkungen und Litteraturnacnweisen ; 
neu bearbeitet, ergiinzt und fortgesetzt bis zum Jahre 1894. —. 
zig, 1894. S8vo. Mk. 12.00 


Gauss (C. F.). Die Intensitiit der magnetischen Kraft, auf absolutes 
Mauss zuriickgefiihrt. In der Sitzung der K. Gesellschaft der 
Wissenschaften za Gittingen am 15ten December 1832 vorgelesen. 
Deutsch herausgeseben von E. Dorn. [Ostwald’s Klassiker der 
exakten Wissenschaften, No. 53.] Leipzig, Engelmann, 1894. 
Svo. 62 pp. Mk. 1 


GrimseuL. Die Vorginge beim elektrischen Strome, veranschaulicht 
durch Flissigkeitsstréme. [Progr.] Cuxhaven, 1894. 4to. 18 
pp. Illustrated. Mk. 1.80 


Haac (P.). Cours de mécanique rationnelle. Paris, Dunod et Mey 
1894. 8vo. 7 and 557 pp. Lllustrated. Fr. 12.00 

Haepricu (II.). Optisches Drehvermégen und elektrolytische 
tion. [Diss. ] Leipzig, 1893. 8vo. 24 pp. 

Hatistrém (A.). Om askledare enligt de moderna tecrierna om elek- 
tricitetens fortplantning. Malmé, 1894. 8vo. 63 pp. Mk. 1.50 


HeEavisipeE (O.). Electrical papers. New and cheaper edition. 2 vols. 
London and New York, Macmillan. 8vo. Cloth. $7.90 


Hertz (H.). Gesammelte Werke. (In 3 Banden.) Band Ill: Die 
Principien der Mechanik in neuem Zusammenhange dargestelit. 
Mit einem Vorworte von H. von Helmholtz. Leipzig, Barth, 1894. 
8vo. 30 and 312 pp. Mk. 12.00 
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Herz (N.). Geschichte der Bahnbestimmung von Planeten und 
Kometen. In 3 Theilen. Theil II: Die empirischen Methoden. 
Bis Newton. Leipzig, Teubner, 1894. 8vo. 8 and 264 pp. 2 
plates. Mk. 10.00 


Horrmans (B.). Die geodiitischen Constanten eines Punktes im physi- 
kalischen Lehrzimmer. Nordhausen, 1894. 4to. 46 pp. Mk. 1.50 


Horosin (J. C.). Elementary mechanics. Stage III. London, Bell 
(New York, Macmillan), 1894. 16mo. Illustrated. Cloth. $0.50 


Kreser (A.). Gulilei’s Untersuchung der Fallbewegung. 
Czarnowitz, 1894. 8vo. 29 pp. Illustrated. 


Kine (G.) and Wnirrran. (W.). Valuation and other tables deduced 
from the Institute of actuaries’ mortality experience. London, 
1894. 8vo. Cloth. 22s. 


Kuscu (E.). Schwingungen parabolisch begrenzter Membraven, 
[Progr.] Potsdam, 1894. 4to. 30 pp. 


Lampert (A. A.). Etude sur Ja transmission de la chaleur. Lille, 
1893. 8vo. 73 pp. Illustrated. Mk. 2.00 


Lorre (F.) et Bouquet (R.).  Traité théorique et pratique des courants 
alternatifs industriels. Vol. I: Partie théorique. Paris, Bernard, 
1894. 8vo. 8 and 280 pp. Illustrated. Fr. 10 00 


Masoni (U.). Corso d’idraulica teoretica e pratica. [. Napoli, 1894. 
8vo. Illustrated. Fr. 1.00 


Meersore (J. H.). Bijdrage tot de kennis der electrolytische Polari- 
satie. [Diss.] Leiden, 1894. 8vo. 8 and 124 pp. 2 see 
k. 


Mucn(A.). Ueber die Bewegung zweier Massenpunkte, die sich auf 
zwei Geraden so bewegen, dass ihre Entfernung stets dieselbe 
bleibt. [Progr.] Kreuznach, 1894. 4to. 17 pp. 


(G.). Tacheometria. Corso pratico di topografia numerica. 


Sassari, 1894. S8vo. 380 pp. Illustrated. Fr. 10.00 
Ort (E.). Elemente der Mechanik. 2te Auflage. Ziirich, Schulthess, 
1894. Svo. Illustrated. Mk. 4.00 


Porncané (H.). Les oscillations électriques. Legons professées pen- 
dant le premier trimestre 1892-93 ; rédigées par C. Maurain. Paris, 
Carré, 1894. Svo. 347 pp. Illustrat Fr. 12.50 


Porro (F.). Elementi di ‘astronomia sferica. Roma, 1894. 4to. II- 
lustrated. Fr. 5.50 


Price (W.A.). <A treatise on the measurement of electrical resistance. 
Oxford, Clarendon Press, 1894. 8vo. 215 pp. Cloth. 14s. 


Rotnsere (H. J.) and Ryan (G. H.). Premium conversion tables for 
finding single and annual premiums to given annuity 
values. 2 parts. London, 1894. 8vo. 216 pp. 21s, 


Stasy (A.). Calorimetrische Untersuchungen fiber den Kreisprozess 
der Gasmaschine. Berlin, Simion, 1894, 4to. 8 and 240 pp. Il- 
lustrated. 9 phites. Boards. Mk. 30.00 


SPECIFIC SUBJECT TEsTS : Mechanics, stage II. London, Simpkin, 
12mo. 
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Sroize (F.). Die Stereoskopie und das Stereoskop in Theorie und 
Praxis. Halle, 1894. 8vo. Illustrated. ME. 5.00 
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8 and 88 pp. Illustrated. Mk. 3.00 
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1894. 8vo. 248 pp. Illustrated. Cloth. 2s. 6d. 
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central stations. The Howard lectures delivered at the Society of 
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Mathematik. sowie fiir die Theilung der Grundstticke und fir 
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WEIDEFELD (O.). Elementare Rechnungen aus der mathematischen 
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gtiindet und vorgeftbrt. Berlin, 1894. 8vo. 64 pp. 1 
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Winp (C. H.). De locaalvariometer van Koblrausch en bet magnetisch 
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Wirtz (A.). Théorie des machines thermiques. Paris, -. 8vo. 
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